What: International experts and attendees from several countries of Central America, Mexico, the Caribbean (CAM), and South America (SA) met to discuss regional issues on climate variability and climate change to learn the use of the non-hydrostatic version of the International Center for Theoretical Physics (ICTP) RegCM4.6 model, and to establish a regional modeling scientific community for understanding the physics of climate processes and the generation of regional climate change scenarios.
Rationale
The CAM region is very vulnerable to extreme climatic events that cause socio-economic and natural disasters (Amador 2011; Cavazos 2015) . Specifically, Central America is a "hot spot" for climate change impacts (Giorgi, 2006) , being one of the most susceptible regions in the world to climate change (a decrease in precipitation and an increase in precipitation variability, as measured by the coefficient of variation). National and international assessments of current and future climate changes are providing increasingly important scientific information crucial for economic and political decision-making to respond to a changing climate. A core element of these assessments are numerical model projections that not only provide a foretelling of physical indicators of future climate but also indirectly supply information on societal impacts. Despite recent improvements, coarse-resolution global climate models have a relatively poor representation of the main climate features of the CAM region (Giorgi and Mearns 1999; Nakaegawa et al. 2014) . Therefore, the use of limited area regional climate models (RCMs) at high spatial resolution is an important complimentary tool to approach the problem of modeling regional climate variability and change. Since the Coordinated Regional Downscaling Experiment (CORDEX, http:// www.cordex.org/, Giorgi and Gutowski, 2015; Gutowski et al. 2016 ) vision is to advance and coordinate the science and application of regional climate downscaling through global partnerships, the organizers of the second workshop on climate change, variability and modeling over CAM envisaged this event as an opportunity for the region to become more engaged in CORDEX activities.
The main purpose of the workshop was to provide extensive sessions focused on the physics of RCMs and on the implementation of techniques to carry out high-resolution analyses of local climate phenomena, their variability and future changes in the CAM area. A related purpose was to build regional capacity for applying state of the art RCMs and analysis in this region.
The workshop participants had the opportunity to implement and use the latest version of the ICTP-RCM (the RegCM4.6), enhancing their understanding of the physics and dynamics of regional climate processes over the CAM area. It is expected that finer resolution climate change projections generated by this approach may have a positive effect in the prevention and mitigation of climate impacts in the region.
The workshop was organized with lectures, demonstrations of special software implementations and laboratory sessions, which provided a background on climate studies focused on CAM.
The ability of RCMs to represent physical processes and related uncertainty was also addressed in the lectures due to their relevance in climate variability and change studies. Giving continuity to the First Workshop on Climate Change, Variability and Modeling focused in this region organized by ICTP and CICESE in Ensenada, Mexico in 2014, one of the specific goals of the second workshop was to consolidate the community of model users in CAM, especially those of the RegCM4 system, under the CORDEX framework. A total of 29 participants attended the workshop, many of them with proven experience in handling climate data, and with a particular interest in starting to use the RegCM4.6 for regional climate studies. An internationally recognized group of invited scientists delivered presentations and promoted discussions on the theory of climate dynamics and climate change. ICTP experts introduced and installed the non-hydrostatic version (the RegCM4.6) for use by the participants.
The poster of the event can be seen at http://indico. ictp.it/event/7621, and the agenda and the invited speakers' presentations are available emailing the corresponding author.
Highlights of the sessions
Mornings were devoted to theoretical lectures on climate variability and climate change, presentations of studies on the North American Monsoon (NAM), climate features of the CAM region, such as the Mid-Summer Drought (MSD, Magaña et al. 1999) , the Caribbean Low Level Jet (CLLJ, Amador 1998 Amador , 2008 , Tropical Cyclones (Fuentes-Franco et al. 2016), a review of the advances in regional climate modeling in the CAM region, and tutorial sessions on the use of the RegCM4.6 model. Afternoons were dedicated to hands-on laboratory sessions running the RegCM4.6 model on the Tsaheva computational cluster of CIGE-FI-UCR. The laboratory session participants formed ten working groups to develop a set of preliminary regional climate projects and presented their projects on the last day of the Workshop.
The morning session on Monday 14 November began with presentations on the theory and use of RCMs, with an introduction to the RegCM4.6 model, its computational structure, and modular system. In the evening, there was an open session for the attendees to introduce and discuss CORDEX objectives for the CAM region and the capability to integrate them into future CORDEX scenarios and the next Intergovernmental Panel on Climate Change (IPCC) report. The second day offered an update on regional modeling studies highlighting the importance of focusing on physical processes that dominate the region (e.g., CLLJ, droughts, extreme events, NAM, tropical cyclones, land-sea thermal contrasts), the effect of domain size in the description of features of the NAM system, and the evaluation of changes in extreme events during the NAM season (Cerezo-Mota et al. 2016) using convection-permitting regional climate modeling (Castro et al. 2015) . As a way to motivate the investigation of model biases and the use of climate validation tools, the RCM Evaluation System (RCMES) was presented in a tutorial session (https://rcmes.jpl.nasa.gov/, Mattmann et al., 2014) . In the afternoon, a CORDEX executive session was organized to explore actions for regional institutions to contribute and prepare products useful for the next IPCC reports (1.5 ºC and AR6).
On Wednesday 16th the Workshop attendees had the opportunity to visit the Irazú Volcano (3482 masl) some 40 km west of the UCR. Thursday 17 started with presentations regarding the MSD nature, the sensitivity of precipitation and atmospheric low-level circulation patterns (CLLJ) to domain size in RegCM4.4.5, and studies on intra-seasonal precipitation variability and land-atmosphere coupling in the CAM region. On Friday, the last day of the workshop, a presentation was given on the sensitivity of tropical cyclones to convective schemes and ocean flux parameterizations over the eastern tropical Pacific and tropical North Atlantic basins using RegCM4 model (Fuentes-Franco et al. 2016) . Some applications to climate analysis, forecasting, and future climate projections for SA were also presented. In particular, emphasis was given on the simulation of extratropical cyclones over the South Atlantic Ocean and how their intensity and location can be modified under a greenhouse gas warming. Extreme precipitation events simulated by both Reg-CM3 and RegCM4 over SA demonstrated the usefulness of dynamical downscaling in a representation of key atmospheric processes in the region. Finally, the presentations of regional projects from the participants wrapped up the event.
Remarks
The contribution and support of several international organizations permitted to continue the process of developing and strengthening the skills, processes, and resources of the climate modeling community in the CAM and SA regions. The Workshop showed abundant cases of expertise in the knowledge of climate and climate variability processes at regional level. Although the simulation results from the RegCM model were highlighted, the workshop also generated a rich environment for the comparison of results of different RCMs, and stressed the vision of the need for an increased collaboration among countries in the region. The participants, representing undergraduate, and graduate programs from 11 countries, were completely supported by local or international funds, allowing a very good degree of knowledge exchange in climate related issues.
